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The lower part of the mid-Cretaceous Kanguk Formation (Lower Turonian
interval) contains an important paleontological record crucial to the characterization of a
poorly known interval of fossil marine diatoms history. Kanguk Formation mudstones are
exposed in a ~200 m-thick section on Devon Island, Nunavut, Canadian High Arctic.
Diatoms at this location are well-preserved due to shallow burial on this Arctic Platform
site. The rock sequence was protected from glacial erosion that removed much of the
Cretaceous record by being down-faulted in a linear graben. Study of these wellpreserved fossil diatoms allows for a documentation of the assemblage, identification of
potentially important biostratigraphic events, and an opportunity to assess
paleoenvironmental changes that may have influenced their growth and sedimentation.
This study identified 45 fossil marine diatom species and varieties, representing 22
genera, and some taxa that are treated informally. The lower ~60 meters of the Kanguk
mudstone sequence on Devon Island is barren of diatoms, indicating that environmental
conditions suitable for diatom growth were not coincident with the initial transgression,
but developed later, or that marine connections that allowed migration of diatoms into the

Arctic occurred after the marine transgression. Planktonic and benthic species are present
in similar abundance suggesting a shallow water environment. The lower interval of the
Kanguk Formation reported herein spans a ~3 m.y. time interval (~90.5 to ~93.5 Ma,
Early Turonian) as indicated by carbon isotope chemostratigraphic correlations and
silicoflagellate biostratigraphy, which allow correlation to other Kanguk Formation
sections that are dated with bentonite ages. The presence of diatoms Gladius antiquus,
Costopyxis antiqua, and Bascillicostephanus sp. 1 support these ages. Several events are
identified as potentially important new biostratigraphic datum levels, which help divide
the Gladius antiquus Zone and increase biostratigraphic resolution. In ascending order
these are: the first appearances (FA) of Thalassiosira wittiana and Lepidodiscus elegans,
the last appearance (LA) of Azpeitiopsis morenoensis, and the FA of Stellarima steinyi.
Future studies from other sections will be required to establish their use in
biostratigraphy. Documentation of these diatom assemblages represents an initial phase
in characterizing the early history of diatoms during the mid-Cretaceous. It will anchor
future work higher in this stratigraphic section.

1
1. Introduction
1.1. The mid-Cretaceous
The Cretaceous Period is noted for having distinct paleoenvironmental conditions that set
it apart from the warm Early Cenozoic and the Late Cenozoic icehouse. The Cretaceous
was characterized by a warm-to-hot greenhouse climate, with a few notable shifts into a
cooler greenhouse climate (Takashima et al., 2006). The Cretaceous is also characterized
by ocean anoxic events and high levels of atmospheric carbon dioxide (Núñez-Betelu et
al., 1994; Chin et al., 2008).
By investigating the Cretaceous Period, we can increase our understanding of
paleoenvironmental changes and the processes that influence these changes. Polar
exploration of this time period is especially useful for these types of analyses, as the
marine conditions throughout the time period allow for global changes in paleoclimate to
be recorded (Chin et al., 2008). The mid-Cretaceous is especially important for this type
of research, as paleoclimate proxies, especially in Polar Regions, are rarer and not well
developed. In addition, our ability to date and correlate sedimentary sequences will
benefit from improved development of microfossil biostratigraphy, which is one goal of
the present study of fossil marine diatoms.

1.2. Fossil Diatoms
Diatoms are an important microfossil group with a fossil record that extends at least
to the earliest Cretaceous and perhaps to the early Jurassic (Harwood et al., 2007).
Records of their early history are sparse, with many time intervals without a stratigraphic
record, and incomplete coverage geographically. Diatoms are the one of the most
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abundant groups of phytoplankton in the modern ocean, and play, and have played, a
major role in both global carbon and silicon cycles (Kidder and Erwin, 2001; Armbrust,
2009). They are also incredibly abundant, inhabiting any environment with abundant
sunlight and moisture (Mann, 1999). These autotrophic protists create a siliceous frustule
by impregnating the cell wall with silica, which is easily preserved within the fossil
record. They are widely distributed throughout the Cretaceous ocean, but poor
preservation and temporal instability of opaline silica generally reduce their potential for
paleoenvironmental, paleoecological, and paleoclimatic research. When Cretaceous
diatoms are preserved well, due to fortuitous conditions of rapid and shallow burial, they
become especially important for paleoenvironmental reconstruction and biostratigraphic
correlation and dating (Witkowski et al., 2011; ).

1.3. Micropaleontology of the Kanguk Formation
The Kanguk Formation has been the focus of various micropaleonotological studies.
While diatoms have been studied from this unit only recently (Tapia and Harwood, 2002;
Witkowski et al., 2011) other taxa such as foraminifera, radiolarians, and silicoflagellates
have been studied fairly extensively, and have added valuable biostratigraphic
correlations to this time period. Benthic foraminifera have been utilized for both
biostratigraphic and environmental analysis, starting with the pioneering studies of Wall
(1960, 1983) in the Northwest Territories and Sverdrup Basin, respectively. More
recently, foraminiferal occurrences have been interpreted within the context of
stratigraphic and facies analysis by (Schroder-Adams et al., 2014). Davies et al. (2018)
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correlated changes in foraminiferal assemblages with TOC to infer maximum flooding
surfaces (MFS) and maximum regressives surfaces (MRS) throughout the Sawtooth
Range and Slidre Fiord from the Cenomanian to Campanian. A follow-on study (Davies
et al., 2020) focused on the OAE-3 interval during the Coniacian to Santonian and using
foraminifera and whole rock geochemistry to address bottom water redox conditions
across this Oceanic Anoxia Event. Radiolarians were documented in Kanguk sediments
in the Sverdrup Basin by Pugh et al. (2014) who developed an informal biostratigraphic
framework for Cenomanian through Santonian radiolarians at Hoodoo Dome on Ellef
Ringnes Island. Radiolarians exhibit alternating abundance and diversity patterns and
compositional changes interpreted to reflect sea level changes in this distal offshore basin
setting. Studies of marine and terrestrial palynomorphs (Núñez-Betelu and Hillis, 1992a,
1992b, respectively) have also contributed to age, environmental, and paleoclimate
interpretations of the Kanguk time interval for the Arctic region. Silicoflagellates are
reported from several locations in the Canadian Arctic, including from the Kanguk
Formation on Eidsbotn Graben on Devon Island and Hoodoo Dome on Ellef Ringnes
Island (McCartney, et al., 2010; 2011a) in Nunavut, and from the correlative Smoking
Hills and Mason River formations in the Northwest Terretories along Horton River
(McCartney, et al., 2011b). The silicoflagellates during this time period experience
various shifts in assemblage, with evidence of ancestral characteristics and extinction
events. Future integration of the above information from a number of locations,
correlated by way of improved silicoflagellate and future diatom biostratigraphic
correlations, with the inclusion of bentonite age information from several Kanguk
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Formation sections (Davis et al., 2016; Pointon et al., 2019) , will lead to a better
understanding of Arctic Region paleoenvironmentl changes, and allow for correlations to
other regions. Schroder-Adams (2014) has started the process to made connections
between the Cretaceous Polar Seas and Western Interior Seaway of North America.

1.4. Objectives
The mid-Cretaceous time interval presents a large gap in the global diatom record,
which the present research will help fill by providing new information to increase our
understanding of paleoenvironmental change and ecological preferences of ancient
diatoms. This biostratigraphic gap, known colloquially as the “dark ages”, spans the
interval comprising the Cenomanian, Turonian, Coniacian, and Santonian Stages
(Harwood et al., 2007, Fig. 1). By focusing on Turonian diatoms in this study we can
make connections between ancestral and modern forms, connecting diatoms from Albian
deposits in the Weddell Sea, Antarctica with Campanian diatoms in strata in Russia
(Gersonde and Harwood, 1990; Harwood and Gersonde, 1990; Oreshkina, et al., 2013,
respectively). By connecting these different time periods, we can get a better
understanding of polar diatom assemblages and the environmental conditions that lead to
their excellent preservation. The aforementioned “dark ages” of diatom knowledge spans
the slice of time between these studies.
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Figure 1. Age Model, Biostratigraphy, Stratigraphy, and Global Events correlated to Devon Island:
Diagram showcasing the various global events taking place throughout the Cretaceous. Edited to revise
diatom biostratigraphy. Figure modified from Takashima et al., 2006.

1.5. Current State of Knowledge – Cretaceous Diatom Biostratigraphy
The biostratigraphic record of diatoms extends down into at least the Lower
Cretaceous, provided by data from various studies from across the world (Harwood and
Nikolaev, 1995; Harwood, et al., 2007). No studies span the full record between Early to
Late Cretaceous, and information is derived from a compilation of numerous deposits,
including the Moreno Formation, California (Hanna, 1927, 1934), Alpha Ridge, Arctic
Ocean (Davies, 2006; Davies et al., 2009; Davies and Kemp, 2016), Seymour Island,
Antarctica (Harwood, 1988), the Weddell Sea (Gersonde and Harwood, 1990; Harwood
and Gersonde, 1990), Russia (Jousé, 1951, Strelnikova, 1975; Oreskina et al., 2013,
among others) and the Canadian Arctic Islands (Tapia and Harwood, 2002; Witkowski et
al., 2011). Diatoms documented in these studies occur over a wide range of habitats,
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encompassing various environments, and possessing morphological features and
assemblage characteristics that have been used to infer the paleoenvironmental setting of
these sites at the time of their deposition (Witkowski, et al., 2011).
From these studies, diatoms are known to be abundant, widespread, and diverse by
the end of the Cretaceous (Harwood et al., 2007). Various authors have estimated the
number of Cretaceous diatom genera to be approximately 80, and the number of species
to be over 300 (Harwood and Nikolaev, 1995; Strelnikova, 1975, 1990; Sims et al.,
2006). However, Cretaceous diatom fossils require much more documentation, as
knowledge of this time period, as the delicacy and instability of the amorphous opal that
forms diatom frustules is often not well preserved (Tapia and Harwood, 2002).
One of the earliest reports of Cretaceous diatoms was of the Moreno Formation
in California, which introduced several new genera that were clearly distinguishable from
known deposits from the Miocene and later time periods (Hanna, 1927, 1934). Another
area of interest was Alpha Ridge, located in the Arctic Ocean. The studies done by
Davies in 2006, and then expanded in Davies et al., 2009 showcased the potential that
diatoms had as indicators of paleoenvironmental changes and sub-annual temporal
variation. These diatoms occurred in laminated sediments, with both vegetative and
resting spore cells that reflected seasonal variation. Because of the inherent challenge of
interpreting Cretaceous Arctic paleoenvironments, these studies were huge steps in
understanding the mechanisms driving diatom distribution and abundance, and therefor
the environmental conditions. The studies done in Gersonde and Harwood (1990) and
Harwood and Gersonde (1990) featured a snapshot into the poorly-known Early

7
Cretaceous (Albian Weddell Sea), creating a window into the early history of diatoms.
Jewson and Harwood (2017) re-examined diatoms in these Albian sections, along with
Campanian diatoms in deposits from DSDP Site 275, documented by Hajos & Stradner
(1975) and Chambers (1996), to assess the antiquity of the ‘diatom sex-clock’ as an
ancient diatom adaptive strategy.
More recent studies helped resolve some taxonomic problems and describe new
taxa within a greater biostratigraphic context, though more work is still warranted Tapia
and Harwood (2002) outlined an initial biostratigraphic framework for Late Cretaceous
Arctic diatoms from the Kanguk, Smoking Hills, and Mason River formations, which
yielded moderately well-preserved diatoms. However, these authors assigned ages that
were too young for their zonation. The present study will extend these zones down into
the Turonian Oreshkina and others (2013) compiled data of representative, wellpreserved diatoms from the Upper Cretaceous Saratov Oblast. In a continuation from
previous work, Davies and Kemp (2016) further explored Campanian deposits from
Alpha Ridge, Arctic Ocean, identifying seasonal patterns and diatom paleoecology from
laminated sediments. All these recent studies have further refined our understanding of
Upper Cretaceous paleoenvironments, and the evolution of diatoms during this time
period.
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2. Geological Setting and Prior Studies
2.1. Geological Setting
Devon Island is a relatively large island in Nunavut, eastern Canadian Arctic. It is
located west of Greenland and south of Ellesmere Island and sits between 74° and 77°N
latitude and 79° and 97° E longitude (Fig. 2). Prior studies of the Kanguk Formation in
this region and of the Sverdrup Basin stratigraphy to the north (Fortier et al., 1963; Miall,
1979; Embry, 1991) identify broad-scale transgressive and regressive sequences and
interbedded transgressive marine mudstones and regressive terrestrial clastic intervals.
The Kanguk sequence on Devon Island was deposited south of the Sverdrup Basin on the
stable Arctic Platform, a relatively thick succession of Lower Paleozoic strata capped
unconformably by ~700 m of Mesozoic and Paleogene non-marine and marine clastic
rocks (Tozer, 1961). Mesozoic sediments from the marine Kanguk Formation and the
overlying terrestrial Expedition Fiord Formation are preserved locally on Devon Island as
deposits within fault-bounded troughs of the Eidsbotn and Viks Fiord grabens (Fig. 3).
Preserved sediments therein comprise intervals from the Cenomanian to the lower
Paleocene (Mayr et al., 1998; Chin et al., 2008; Witkowski et al., 2011).
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Figures 2 & 3. Map indicating the research site in the Eidsbotn graben on Devon Island,
Nunavut, Canada. Modified from Witkowski et al. (2011) and Dyke (1999).
Stratigraphic profile: Graphic depiction of the stratigraphy of the Eidsbotn graben. The
interval of interest is bounded between the two bars, indicating the lower and upper most
data points. (Adapted from Witkowski et al., 2011).
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The Kanguk Formation, divided into two members, is comprised of marine
sediments, featuring dark shales with minor glauconite sandstones, tuffaceous clay, and
jarositic clay beds (Chin et al., 2010). The lower part of the Kanguk Formation features
dark, organic-rich mudstones, intermittently interbedded with bentonites that were
deposited in disoxic to anoxic, low energy environments that allow for the high
accumulation rate of organic matter (Núñez-Betelu, et al., 1994). It also features a
moderately high and sustained sediment accumulation rate of ~16 m/m.y. through the
study interval, based on carbon isotope stratigraphic correlations to global records (Herrle
and Dummann, unpublished) and silicoflagellate correlations (McCartney and Harwood,
unpublished) to coeval sections with bentonite ages. The Devon Island sequence results
from a transgression that led to an extensive record of marine sedimentation across the
Sverdrup Basin and Arctic Platform (Embry, 1991; Chin et al., 2010). One goal of this
study is to assess whether changes in the diatom assemblages from near the contact with
the underlying terrestrial and clastic Hassel Formation can help interpret conditions
during the initial marine transgression of the Kanguk Formation.

2.2. Prior Stratigraphic and Diatom Studies on Devon Island
Chin et al. (2008) report results from fieldwork on the Kanguk and overlying
Expedition formations the Eidsbotn and Viks Fiord grabens, and present a detailed
account of the geologic setting, marine microfossils, and paleoenvironment of the Upper
Cretaceous deposits. High primary productivity is observed from the well-preserved
diatomaceous sediments, indicative of ample nutrients (Chin et al., 2008). These sections
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also feature thick mudstones, suggesting a low sedimentation rate able to capture large
spans of diatom deposition.
A related study conducted subsequently by Witkowski et al. (2011) on diatoms on the
Kanguk Formation from these Devon Island localities documented diatom taxa present at
Eidsbotn Graben and Viks Fiord, and created environmental and depth schemes for three
diatom assemblages in the Arctic Region (Fig. 15 of Witkowski et al., 2011).This
schematic features diatom assemblages representing inner neritic, outer neritic, and open
ocean settings. Several new genera resulted from additional studies of these materials,
with the introduction of genera Nikolaevia andBlochia, and a species of Lepidodiscus
(Witkowski and Harwood, 2010; Witkowski and Harwood, 2010). Future taxonomic
studies are required to document other new and poorly-known diatoms present in these
sediments.
The present study originated from a new stratigraphic sample set collected in one day
in early August, 2019 at Eidsbotn Graben. Samples were collected from the lower 180
meters of the Kanguk Formation at regular ~1 meter spacing in order to create a highresolution record (Fig. 4). Ongoing work is still being conducted utilizing these samples,
including 1) silicoflagellate biostratigraphy (McCartney and Harwood, unpublished), 2)
carbon isotope chemostratigraphy (Herrle & Dummann, unpublished), and 3) the present
diatom assemblage study. Initial silicoflagellate biostratigraphy and carbon isotope data
provide basic time constraints for the Devon Island Kanguk Formation samples, giving
an approximate age of 93-90 Ma for the samples analyzed in this study (Fig. 5).
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Figure 4. Stratigraphic Section: refined stratigraphic column of the Devon Island Eidsbotn
graben sections L and k, created from data from the 2019 expidition. From Schröder-Adams,
unpublished.
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Figure 5. Age Model of Devon Island: Age model of the Devon Island Kanguk Formation
based on silicoflagellate biostratigraphy data compared to global records to create tie points.

3. Materials and Methods
One hundred and seventy-seven samples were collected during August 2019 from
the lower ~180 meters of the Kanguk Formation exposed on Devon Island in the
Eidsbotn Graben. The location of these samples is identified on a measured stratigraphic
section; taken at ~1m sampling intervals. From these 177 samples, sieved and unsieved
slides were made for preliminary diatom abundance analysis. Of these samples, 21 from
the lower part of the diatom-bearing section were selected for further analysis.
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The samples for this project were prepared through a series of washing and
sieving methods. Sediment samples were broken into small fragments, <3 mm in
diameter, and weighed (Table 1). Each sample filled ~2 mL of a 50 mL plastic centrifuge
tube. They were then washed in ROPure water, Hydrogen Peroxide (~37%), and Sodium
Hexametaphosphate in thoroughly washed in 500 mL beakers. After cleaning, they were
placed into 50 mL plastic centrifuge tubes. The samples were then put through a freezethaw cycle, about 5 times with several hours in between freezing and thawing, before
being washed with ROPure water. They were then centrifuged at 1000 rpm for 5 minutes
to settle the heavy diatoms and suspend fine clays. Half of the sample volume (25 mL)
was sieved in order to capture the different size fractions (<20 microns, 20<x<45microns,
and >45microns). Sieved samples were stored in 3 dram glass vials.
Microscope slides were them prepared from the sieved sample fractions by drying
several drops of sieved sediment on coverslips and secured with Norland Optical
Adhesive #61. Sieved slides were utilized to identify taxa, as more whole specimens
were recovered. The remaining 25 mL volume of sediment was then prepared for
abundance analysis through a random settling process. Two 20 x 20 mm coverslips were
cleaned and attached to the bottom of petri dishes. A known mass of suspended sediment,
proportional to a volume of suspended sediment, was added to each petri dish and
covered in ROPure water, and allowed to settle undisturbed. Samples’ masses were
calculated by weighing the sediment to be used at the start of the break-down process.
The volume was then measured from the water and sediment mixture in the 50 mL tubes,
and calculated out to the 25 mL used in the abundance slides. 8 drops of the 25 mL
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sample were dropped into each petri dish, 2 drops per slide (~4 slides per petri dish
accounting for free space) amounting up to 1/3mL of the 25 mL sample. These 1/3 mL
were then used to calculate out the mass of the sample per petri dish (Table 1). They were
then covered by the cover of the petri dish, with a strip of clean paper towel attached to
help extract the water to dry off the samples. Once dry, the coverslips were secured to
slides with Norland Optical Adhesive #61 for counting and abundance analysis.
Light microscope examination of the slides was completed with use of a Leica
DMLB microscope. A sample was considered barren if less than 5 diatoms appeared
within 10 fields of view using a 100x objective. Preservation was determined based on
the number of whole valves, partial valves, and fragments present in each sample. Good
preservation was determined to be >75% whole valves per 10 field of views, Moderate as
75%<x<50% whole valves, Poor as 50%<x<25%, and Very Poor as <25%. In abundance
analysis, diatoms were counted following the protocol outlined in Schrader and Gersonde
(1978), with numerical results shown in Table 2. Light photomicrographs were taken
with a Canon digital camera and processed in Adobe Photoshop.
Identification of mid-Cretaceous diatoms from the Devon Island section was
aided by reference to the following publications: Barron (1985), Harwood (1988),
Dell’Agnese and Clark (1994), Tapia and Harwood (2002), Witkowski et al. (2011),
Oreshkina, et al. (2013), and Davies and Kemp (2016).
Several criteria needed to be met in order for diatoms to be classified as
identifiable and abundant within these samples. These criteria included the visibility and
preservation of linking spines, processes, valves, and girdle bands, as well as the ability
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to focus through the specimen. During the preliminary analysis of microscope slides from
the original 177 sample set, some key observations were made to create the analysis
scheme used in this study. Firstly, the lower half of Section L (0.0 m - 61.0 m) was
deemed unusable, as this interval was either barren of diatoms or, if present, diatoms
were very poorly preserved. Secondly, the samples collected from Section L were
collected at an inconsistent interval, with several missing intervals leading to these gaps
being unable to be analyzed. Lastly, the sampling interval in Section K was at regular 1 m
intervals, and diatoms in these samples were all well-preserved and abundant.
Considering these features, a 3 m sampling interval was adopted for analysis, and 21
samples were selected for detailed study. In these 21 samples, 17 of the 45 identified
species were moderate to well-preserved and easily identifiable. The rest of the species
identified were poor to moderately-preserved and were less easily identifiable. Samples
from the upper portion of Section L were moderately preserved and fairly abundant,
while those from Section K were moderate-well preserved and similarly abundant. An
outlier in this observation is sample L62.5, which is the lowest stratigraphic level above
which abundant diatoms were consistently present within this section and featured the
most diatoms out of all the analyzed samples. Most of the diatoms present were
identifiable at the species level, with only 11 taxa being identifiable only to the genus
level.
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4. Results
The lower 61 meters of the sampled section were barren of diatoms, or very poorly
preserved to not merit detailed study. The diatoms first showed up in limited abundance
at sample L45.0, and inconsistently appeared in low abundances up to sample L61.0. The
lowest sample that yielded abundant and well-preserved diatoms was sample L62.5, and
diatoms are present consistently from this level to the top of the studied interval at 39 m
of Section K. Diatoms are not present in samples 0.0 m through 55.0 meters in section L,
and appear sporadically in low number and poor preservation between 55.0 meters and
62.5 m in section L. From 62.5 meters and above in section L and throughout all samples
in Section K, they are consistently present in all samples up to 128 meters composite
depth. Diatom information from samples higher in this outcrop are reported in Witkowski
et al. (2011), but were not sampled in 2019 due to limited field time at this location.
In total, 45 diatom taxa were identified, within 22 genera in the 21 samples selected
for detailed examination. Of these 45, 38 were easily identifiable, while 7 remain
unknown and are treated informally. All diatoms were centric diatoms, with only a few
resting spore taxa. The majority of diatoms identified were species of the genera
Costopyxis and Hemiaulus (comprising 51% of the total identified species), and of lesser
abundance were species of the genera Cortinocornis, Paralia, and Gladiopsis. All other
diatoms were present in lower abundance. The stratigraphic distribution of diatoms, along
with their abundance counts, is presented in Table 2. Species are illustrated in Plates 1-4.
Variation is noted through the stratigraphic section in the composition, size, abundance,
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and preservation of the diatom assemblages, which are inferred to reflect changes in
paleoenvironmental conditions.
The diatom assemblage that appears in the lowest productive sample at L62.5
continues above without appreciable change in composition, though there are minor
changes in abundance and in size of specimens upsection, and several diatom events may
have utility as biostratigraphic marker taxa (see below).
Diatom valves occurred across a range of valve sizes, with the biggest reaching up to
150 µm length, and the smallest at 5 µm. An easily recognizable shift in the size of
valves was observed at the transition between Sections L and K (L89.0 and K0.0). In
Section L, Costopyxis specimens were observed to be larger in size than those of
Hemiaulus specimens. Specimens of Costopyxis antiqua were most notably larger in
valve length and height, being the dominant species within these samples. In Section K,
the opposite is true, as the length of Hemiaulus species increased, as well as the height of
the elevations. Most notably larger in terms of valve size were H. asymmetricus and H.
speciosus. Costopyxis antiqua ranged from approximately 40 µm to as small as 10 um
diameter, while H. asymmetricus and H. speciosus ranged from approximately 70 µm to
15 µm in length.
In general, the preservation of diatoms is consistent throughout the section, with the
exception of the lower 61 m. Diatoms within the Devon Island section are moderate-well
preserved above 62.5 m , and continuing up into the upper portion of Section K (K39.0
and above). There is also a minor difference in the preservation of Paralia ornata, which
was observed to have more finely preserved valve faces in Section L, and more robust
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valve faces higher up section. While there is an observable difference, this could be due
to a difference in valve morphology. Further analysis is required to fully determine this
distinction.
Table 1. Mass Calculations: Calculated mass of each sample used in this
study. Mass (g) measured initially, and 8 drops mass (g) calculated from
original mass and volume of sample used in abundance calculation
slides.

Table 2. Abundance counts of taxa present in each sample
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5. Discussion
5.1. Absence of diatoms in lower interval
From the preliminary abundance counts conducted at the beginning of this research, it
was determined that the lower 61m of the studied interval were not viable for further
investigation. This was because the diatoms within this lower interval were either not
present or rarely abundant and poorly preserved. The transition from poor abundance to
great abundance occurred gradually from ~40 m to ~60 m. The diatoms within these 20
m were still poorly preserved, with discontinuous occurrence. At 62.5 m, the diatoms
appear in much greaterabundance than the lower samples, indicating an abrupt increase.
The reason for this disparity between the lower and upper intervals could be attributed to
a variety of factors that include freshwater input, high turbidity, and a connection to
Ocean Anoxia Event 2 (OAE2). From Figure 1, we can see evidence of OAE2 at the base
of the Kanguk Formation, which correlates to the lower interval or our studied section.
Ocean anoxia during this time period would draw down primary productivity, and caused
dead zones within the water column (Takashima, et al., 2006). Further study of this lower
section, and comparison to other sections of similar time intervals, will give further
insight into this disparity.

5.2. Species identification and patterns
Forty-six distinct diatom taxa were identified during the analysis of sediments from
the Kanguk Formation on Devon Island, and several taxa could not be found in the
literature used for reference identifications. As shown in Table 2, seven of the 45
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identified taxa were only identifiable to the genus level. Species of Costopyxis comprised
approximately 27.3% of the identified taxa, and species of Hemiaulus comprised
approximately 23.7%, together comprising over half of the diatoms present in most
samples.

5.3. Environmental distribution of key diatom genera
Modern diatoms occupy a wide range of ecological niches and life habitats,
ranging from planktic (living within the water column) to benthic (living in or on a
substrate, motile or attached). The Devon Island record captures genera from both life
modes, representing a wide variety of environments of deposition. The most notable of
the planktonic genera are Hemiaulus, Stellarima, Cortinocornus, Azpeitiopsis, and
Stephanopyxis (Davies and Kemp, 2016), all of which are reported here.
Benthic diatom taxa found within these samples belong to the genera Paralia,
Lepidodiscus, and Actinoptychus (Davies and Kemp, 2016). Tychoplanktonic diatoms
are often grouped together with benthic diatoms, e.g. Paralia. Actinoptychus specimens
occur in several intervals between samples L70.0 to L71.5 and L76.5 to L87.0, such as A
few samples in Section K (K0.0, K9.0, and K12.0), whereas Paralia is present in all
samplest.
The genus Gladiopsis presents a bit of a challenge in terms of environmental
interpretation. Initially described from a nearshore, shallow marine assemblage, it is now
thought to have a much wider environmental range (Gersonde and Harwood, 1990; Hajós
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and Stradner, 1975; Harwood 1988; Tapia and Harwood, 2002), and Gladiopsis is now
considered benthic or tychoplanktonic (Davies and Kemp, 2016).
A shift to more open-marine conditions can be interpreted from the data in Figure 5.
Costopyxis are inferred to be a more coastal, hardy, and resistant taxon, while Hemiaulus
are more open marine. Hyalodiscus is a low-light adapted genus, and it become rarer
upsection and absent above sample L83.The genus Actinoptychus is epiphytic on
macroalgae, and would indicate shallower sunlit seafloor.

5.5. Biostratigraphic interpretation
The Kanguk Formation section examined in this study can be assigned to the upper
portion of the Gladius antiquus Concurrent Range Zone and the lower portion of the
Costopysis antiqua Zone of Tapia and Harwood (2002). The highest appearance of
Gladius antiquus, which defines the boundary between these zones is identified in sample
K18.0 (Fig. 5). The biostratigraphic framework proposed by Tapia and Harwood (2002)
for the Canadian Arctic was successfully applied in a Russian study from in the Saratov
Oblast by Oreshkina et al.(2013). Revision to the ages assigned to this zonal framework
is advanced herein, with the shift of these zones into older ages, as guided by new
correlations to sections with bentonite ages, and by correlations to carbon isotope
stratigraphy (Figure 6).
In addition, several newly identified diatom events may have biostratigraphic utility
to subdivide the Gladius antiquus Zone, as illustrated in Figure 6. The following
succession of events is identified, presented in order from oldest to youngest:
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the first appearance of Thalassiosiropsis wittiana in sample L73.0; the first appearance of
Lepidodiscus elegans in sample L73.0,; The last appearance of Azpeitiopsis morenoensis
in sample L83.0; and the first appearance of Stellarima steinyi (L87.0). The last
appearance of Gladius antiquus (K18.0) defines the top of the Gladius antiquus Zone,
and the last appearance of Costopyxis antiqua, which defines the top of the overlying
Costopyxis antiqua Zone. C. antiqua continues to the top of the interval studied here, and
is reported in sample EF303 at the top of this section in Eidsbotn Graben outcrop by
Witkowski et al. (2011), suggesting this zone continues to the top of this stratigraphic
section.
These observations suggest the boundary between the G. antiquus Zone and the C.
antiqua Zone should extend down into the Turonian (Fig. 6). Ages are assigned to the 5
newly recognized biostratigraphic events, as interpolated from the age x depth model and
presented in Table 3. Future diatom biostratigraphic studies from other Arctic Cretaceous
sections will test the utility of these events.

Figure 5. Possible stratigraphic events: Diagram showcasing several distinct events within the analyzed samples. Several could add
refinement to the current biostratigraphic zones, or indicate differences and changes in environment.
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FO Stellarima steinyi
LO Azpeitiopsis morenoensis
FO T. wittiana & L. elegans

Figure 6. Refined biostratigraphy: Biostratigraphic diagram indicating a refined
timing for the Gladius antiquus zone, as well as 3 proposed events (edited from
Oreshkina et al., 2013).
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Taxa

Sample

Code

Age (Ma)

Thalassiosiropsis wittiana

L73.0

FA

93.4

Lepidodiscus elegans

L73.0

FA

93.4

Azpeitiopsis morenoensis

L83.0

FA

92.8

Stellarima steinyi

L87.0

FA

92.5

Gladius antiquus

K18.0

LA

91.6

Table 3. Biostratigraphic events: with proposed ages and depths of fivebiostratigraphic events.

6. Conclusions
The composition and stratigraphic distribution of marine diatoms is documented
from a ~3.0 m.y. interval during the early Turonian from the Kanguk Formation in the
Canadian Arctic, on Devon Island. The appearance of abundant marine diatoms is
gradual and sustained through the top of the studied interval after a ~60 m interval at the
base of the Kanguk Formation that is barren of siliceous microfossils or containing
sporadic occurrences near the top of this interval. Four potentially new biostratigraphic
events are recognized based on taxa with distinct morphologies and clear range
terminations, and are proposed to further subdivide the Gladius antiquus Concurrent
Range Zone after validation or revision based on information from other locations.
Changes noted in diatom assemblage composition are interpreted to reflect environmental
changes in this shallow marine setting.
Forty-six distinct taxa were identified during this study, representing 17 genera.
Preservation at the Devon Island site was moderate-to-good, most likely due to shallow
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burial on the Arctic Platform, and survival of this ~200 m-thick section by downfaulting
within the Eidsbotn Graben.
Further investigation is required on this site in order to assign an exact age, as well as
environmental conditions. A transition to more open-marine conditions is noted
upsection, indicated by the shift in size distribution between Costopyxis and Hemiaulus
genera, as well as the disappearance of Hyalodiscus genera.
This record showcases a rich Arctic marine ecosystem, consisting of various life
modes and strategies supported by evidence of highly diverse and abundant diatom taxa.
Further research will prove fruitful for identification of Mid-Cretaceous diatom
assemblages in other sections, using the insight provided by this study to continue to shed
light on this unknown time period.
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Systematic Paleontology
Actinodictyon sp. aff. A. antiquorum, Pantocsek, 1889, p. 110, fig. 176.
Actinoptychus simbirskianus, Schmidt in Schmidt et al., 1875-1959, tab. 29, fig. 11,
tab. 109, figs. 3-9; Barron, 1985: pl. 10.1, fig. 8; Dell’Agnese and Clark, 1994,
p. 38, fig. 3.1. [Plate 1, Figure E]
Actinoptychus tenuis, Strelnikova, 1974, p. 67, tab. 14, fig. 1-4; Barron 1985: 141, pl.
10.1, fig. 7; Dell’ Agnese and Clark 1994: 38, figs. 3.2. [Plate 1, Figure D]
Actinoptychus tuberculatus, Strelnikova, 1974, p. 68, tab. 14, fig. 5, 6.
Amblypyrgus sp. A
Archepyrgus sp. aff. A. melosiroides, Gersonde and Harwood, 1990, p. 370-371; pl.
10, figs. 2-6, 14, 15; pl. 13, figs, 1-8.
Azpeitiopsis morenoensis, (Hanna) P.A. Sims, 1994, p. 171, figs. 21-28, 53.
Coscinodiscus morenoensis Hanna, 1927, p. 18, pl. 2, figs. 3, 4.
Basicillicostephanus sp. 1, Tapia and Harwood, 2002, pl. 1, figs. 7, 8; pl. 2, figs. 2-4.
Chasea bicornis, Hanna, 1934, p. 354, pl. 48, figs. 12-16.
Cortinocornis rossicus, (Pantocsek) Gleser, 1984, p. 290-291; Tapia and Harwood,
2002, p. 319, pl. 3, figs. 5-8.
Hemiaulus rossicus Pantocsek, 1889, Bd, 2, p. 84; Strelnikova, 1974, p. 102-103,
pl. 43, figs., 1-19; Harwood, 1988, p. 83., figs. 14.18 – 14.21
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Hemiaulus polycystinorum var. brevicornis Jouse, 1951, p. 54, pl. 4, figs. a-c.
[Plate 2, Figures G & H]
Cortinocornus sp. A
Costopyxis antiqus, (Jousé) Gleser, 1984, v. 27, p. 291; Gleser et al., 1988: 49, tab. 31,
figs. 1-3, 6; Tapia and Harwood 2002, pl. 2, figs. 10-11, 14-15.
Stephanopyxis antiqua Jousé, 1951, p. 46, pl. 1, fig. 3.; Strelnikova, 1974, 56, tab.
3, figs. 18-20; Fenner, 1985, 738, figs. 14.13-14;
Stephanopyxis cancellata Jousé, 1951, 46, tab. 1, fig. 4.
Costopyxis schulzii, (Steinecke ex Schulz) Gleser, 1984, v. 27, p. 291.
Stephanopyxis schulzii Steinecke in Schulz, 1935, p. 396, tab. 1, fig. 12, tab. 2,
figs. 1, 2; Jousé et al., 1949, v. 2, p. 41, tab. 2, fig. 1; Fenner, 1985, p. 739, fig.
14.6; Fourtanier, 1991, pl. 5, fig. 8.
Stephanopyxis schulzii var. cretacea Jousé, 1949, p. 65, tab. 1, figs. 2-4; Jousé et
al., 1949, v. 2, p. 41, tab. 2, figs. 2a, b.
Stephanopyxis schulzii Steinecke forma schulzii Strelnikova, 1974, p. 55, tab. 4,
figs. 1-3, 8.
Costopyxis schulzii (Steinecke) Gleser forma schulzii Gleser et al., 1988, p. 50,
pl. 31, figs. 15-19.
Gladiopsis speciosa, (Schulz) Gersonde et Harwood, 1990
Gladius speciosus Schulz, 1935, p. 391, tab. 1, figs. 6-8; Jousé et al, 1949, v. 2, p.
199, tab. 97, fig. 4; Jousé, 1955, p. 76, fig. 4; Barron, 1985,p. 141, pl. 10.2, fig.
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14; Fenner, 185, p. 730, figs. 1-5; Fourtanier, 1991, pl. 5, figs. 9-10; Nikolaev et
al., 2001, p. 12-13, pl. 2, figs. 1-7.
Tubularia pistillarius var. grossepunctata Long, Fuge, and Smith, 1946, p. 116,
pl. 18, fig. 12.
Pyxilla capitata Barker and Meakin, 1948, p. 234, fig. 4.
Pyxilla speciosa (Schulz) Strelnikova, 1966, p. 34, pl. 2, figs. 1-7, pl. 3, figs. 5-9,
pl. 4, figs. 1, 2 ,10.
Gladiopsis speciosus f. aculeolata
Gladius clavatus Jousé, 1951, p. 55, fig. 1.
Pyxilla speciosa forma aculeolata Strelnikova, 1966, p. 35, tab. 4, figs. 3, 4, 11.
Gladiopsis speciosus forma aculeolatus Strelnikova, 1974, p. 105-106, tab. 51,
figs. 5-10; Gleser et al., 1988, p. 55, tab. 35, figs. 1-10; Tapia and Harwood, 2002, pl. 3,
figs. 3-4. [Plate 3, Figure E]
Gladiopsis speciousa f. poratus
Gladius hispidus Jousé , 1951, p. 55, fig. 1.
Pyxilla speciosa forma porata Strelnikova, 1966a, p. 35, tab. 4, figs. 5, 6, 12.
Gladiopsis speciosus forma poratus Strelnikova, 1974, p. 106, tab. 49, fig. 22,
tab. 51, figs. 11, 12; Gleser, et al., 1988, p. 55, tab. 35, figs. 11-17; Tapia and
Harwood, 2002, pl. 5, figs., 5-6. [Plate 3, Figure D]
Gladius antiquus Forti and Schulz, 1932, p. 242, text-fig. 3, tab. 3, fig. 6; Gersonde
and Harwood, 1990, p. 373, pl. 7, figs. 1, 2, pl. 8, figs. 1, 2, 5, 5, pl. 15, figs. 6, 7;
Tapia and Harwood, 2002, pl. 5, figs. 1-4.

32
Hemiaulus antiquus Jousé, 1951, p. 52, tab. 3, figs. 1a, b; Strelnikova, 1974, p. 101,
tab. 46, figs. 1-14; barron, 1985, pl. 10.2, fig. 4; Dell’Agnese and Clark, 1994, p.
38, fig. 3.9; Tapia and Harwood, 2002, pl. 4, figs. 11-12. [Plate 2, Figure F]
Hemiaulus asymmetricus Jousé, 1951, p. 52, pl. 3, fig. 2; Witkowski et al., 201, pl. 8,
figs. K, L. [Plate 2, Figure A]
Hemiaulus echinulatus Jousé in Jousé et al., 1949, v. 2, p. 186, tab. 72, fig. 5; Jousé,
1951, p. 53, tab. 3, figs. 3a, c; Strelnikova, 1974, p. 100, tab. 44, figs. 15-23;
Hajós and Stradner, 1975, p. 931, pl. 5, figs. 21, 22; Fenner, 1985, p. 731, fig.
14.10; Harwood, 1988, p. 92, fig. 13.14; Tapia and Harwood, 2002, pl. 7, figs. 78. [Plate 2, Figure B]
Hemiaulus polymorphus Grunow, 1884, p. 14 (66). [Plate 2, Figures C and D]
Hemiaulus speciosus Jousé, 1951, p. 55, pl. 3, fig. 5.
Hemiaulus sporalis Strelnikova, 1971, p. 48, tab. 3, figs. 1-10; Strelnikova, 1974, p.
95-96, tab.41, figs. 1-10, tab. 42, figs. 1-11; Hajós and Stradner, 1975, p. 932, pl.
29, figs. 5, 6; Harwood, 1988, p. 84, figs. 15.7-10; Tapia and Harwood, 2002, pl.
5, fig. 7. [Plate 3, Figure I]
Hemiaulus sp. A Tapia and Harwood, 2002, pl. 1, figs. 11-12, plate 3, figs. 1-2.
[Plate 2, Figure J]
Hemiaulus sp. B
Hyaloduscus nobilis Pantocsek, 1889
Hyalodiscus radiatus (O’Meara) Grunow in Cleve and Grunow, 1880, p. 17.
Pyxidicula radiata O’Meara, 1876.

33
Lepidodiscus elegans Witt 1886, p. 28 (163), p. 7, fig. 6; Strelnikova, 1965b, p. 30, tab.
3, figs. 1, 2; Strelnikova, 1974, p. 70-71, pl. 16, figs. 1-6. [Plate 1, Figure A]
Nikolaevia symbolica Witkowski et all., 2010a, p. 447, figs.19-33. [Plate 1, Figure F]
Paralia crenulata (Grunow) Gleser in Gleser, et al., 1992, p. 50, pl. 41, figs. 1-8;
Nikolaev et al., 2001, p. 15, pl. 8, figs. 1-8; Tapia and Harwood, 2002, pl. 4, figs.
14-15.
Paralia ornata var. crenulata Grunow, 1884, p. 44, tab. 5 (E), fig. 34.
Melosira fausta Schmidt sensu Hanna, 1927, p. 25, pl. 3, fi. 11-14.
[Plate 3, Figures J and K]
Paralia ornata (Grunow) Grunow ex van Heurck, 1882; Tapia and Harwood, 2002,
pl. 1, figs. 3-4.
Melosira ornata Grunow, 1884, p. 95, tab. 5 (E), figs. 30, 40; Jousé et al., 1949,
v. 2, p. 26, tab. 4, fig. 5, tab. 75, fig. 15; Strelnikova, 1974, p. 47-48, tab. 1, figs.
5, 6.
Pseudaulacodiscus sp. A
Pseudopyxilla furcata Harwood and Gersonde, 1990, p. 410, pl. 4, fig. 10-15. [Plate
4, Figure I]
Pterotheca evermanni Hanna, 1927, p. 31, pl. 4, fig. 6. [Plate 3, Figures F and G]
Pterotheca sp. A
Stellarima steinyi (Hanna) Hasle and Sims, 1986, p. 111; Sims and Hasle, 1987, p.
230-234, figs. 1-18, 27-31; Harwood 1988, p. 88, figs. 20.3-4; Dell’Agnese and
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Clark, 1994, p. 34, fig. 4.8; Nikolaev et al., 2001, p. 19, pl. 20, figs. 1-6; Tapia
and Harwood, 2002, pl. 7, fig. 2.
Coscinodiscus steinyi Hanna, 1927, p. 19, pl. 2, figs. 5, 6; Long, Fuge, and Smith,
1946, p. 105.
Coscinodiscus symbolophorus Grunow and Strelnikova, 1974, p. 63-64, tab. 12,
figs. 1-7.
Stephanopyxis grunowii Grove et Sturt, 1988, in Schmidt et al., 1875-1959, tab.
130, figs. 1-4; Hanna, 1927, p. 33-34, pl. 4, fig. 12; Tapia and Harwood, 2002, pl.
6, figs. 1-3.
Thalassiosiropsis wittianus (Pantocsek) Hasle ex Hasle et Syvertsen, 1985, p.
89-90, pl. 1-5; Harwood 1988, p. 89, fig. 20.6; Nikolaev et al., 2001, p. 12, pl. 1,
figs. 1-4.
Coscinodiscus lineatus Ehrenberg, Strelnikova, 1974, p. 62, tab. 9, figs. 3-12;
Hajós and Stradner, 1975, p. 927, pl. 3, figs. 1-3, pl. 38, fig. 1; Tapaia and
Harwood, 2002, pl. 4, fig. 13, pl. 7, fig. 6.
Truania archangelskiana Pantocsek, 1886, p. 45, pl. 20, fig. 178. [Plate 1, Figures B
and C]
Unknown species #1 This taxon is bulbous in shape with thin
terminal elevations. This taxon could be either a Cortinocornus or Hemiaulus
species. [Plate 4, Figs. A, B]
Unknown species #2 This taxon resembles the genus Thalssiosiropsis,
though it has been sufficiently deformed enough to be hard to identify. The
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deformation disrupted the field of view, making the exact pore size and
arrangement unable to be determined. [Plate 4, Fig. C]
Unknown species #3 This taxon has features similar to genus
Hemiaulus, such as the elevations on either end and an inflated chamber in the
center of the valve. The elevations are thin cylinders and bear a terminal spine.
The valve is fairly smooth, except for pores in the central inflation. [Plate 4, Figs.
D &E]
Unknown species #4 The basal portion of the valve is circular,
with regularly spaced perforations, and the upper portion of the valve resembles
Hemiaulus with terminal elevations and porous walls. [Plate 4, Figs F, G, & H]
Unknown species #5 The specimen illustrated is a complete frustule of
a resting spore. It is elongate and heterovalvate, with a bifurcating terminal spine
on one of the valves. While this taxon resembles Pseudopyxilla furcata Harwood
et Gersonde (1990), the hyaline structure between the two spines characteristic of
P. furcata is not able to be identified, and was most likely broken off (see
Pseudopyxxilla furcata). [Plate 4, Fig. I]
Unknown species #6 is similar to unknown species #3 from
Witkowski et al. (2011), which has been determined to be a new genera, Blochia,
from Witkowski and Harwood, 2010. Plate 4 Figs. J & K]
Unknown species #7 This taxon was too small and poorly photographed to identify
properly but appeared to be envelope-shaped with a bulbous center.

36
All of these unknown species require further analysis in order to identify them, or are
poorly-preserved specimens of existing diatom taxa.
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Plate 1: Photomicrographs taken with a 100x objective, all specimens to scale of photograph taken. A. Lepidodiscus
elegans, sample L76.5 0055. B and C. Truania archangelskiana, sample K33.0 0083&0084. D. Actinoptychus tenuis,
sample K9.0 0053. E. Actinoptychus simbriskianus, sample L75.0 0035. F. Nikolaevia symbolica, L73.0 0032
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Plate 2: Photomicrographs taken with a 100x objective, all specimens to scale of photograph taken. A. Hemiaulus
asymmetricus sample K3.0 0039. B. Hemiaulus echinulatus, sample L83.0 0014. C and D. Hemiaulus polymorphus,
sample K36.0 0108&0109. E. Hemiaulus speciosus, sample K12.0 0109. F. Hemiaulus antiquus, sample L73.0 0029. G
and H. Cortinocornus rossica, samples L81.5 0088 and K 33.0 0033. I. Cortinocornus sp. A, K12.0 0098. J. Hemiaulus
sp. A, sample L73.0 0009 K and L. Hemiaulus sp. B, sample L83.0 0026.
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Plate 3: Photomicrographs taken with a 100x objective, all specimens to scale of photograph taken. A. Costopysix
antiqua, sample K12.0 0094. B and C. Costopysxis schulzii, sample K12.0 0105, sample L83.0 0004. D Gladiopsis
speciosa f. porata, sample K18.0 0029. E. Gladiopsis speciosa f. aculeolate, sample K31.0 0047. F and G. Pterotheca
evermanni, sample L 68.5 0022. H. Azpeitiopsis morenoensis, sample L 83.0 0004. I. Hemiaulus sporalis, sample K15.0
0165. J. Paralia crenulata, sample K15.0 0149. K. Paralia crenulata (girdle chain view), sample K31.0 0047.

48

Plate 4: Photomicrographs taken with a 100x objective, all specimens to scale of photograph taken. A and B. Unknown
genus and species #1, sample L75.0 0037&0038. C. Unknown species #2, sample L76.5 0058. D and E. Unknown
species #3 sample L83.0 0035&0036. F, G, and H. Unknown species #4 sample K0.0 0017,0018,&0019. I. Unknown
species #5, sample K3.0 0034. J and K. Unknown species #6, sample K12.0 0122&0123.

